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(54) REPLICATION FILE REFERENCING SYSTEM 
(57)Abstract: 

PURPOSE: To provide a system for efficiently using a replica server instead of a file 
server in a distributed data processing system. 

CONSTITUTION: A client 120 connected to a communication network 152 gives the 
reference request of a file 112 in a file server 110 through a communication network 151. 
When a replica 122 is stored in the disk of the client 120, a gate 140 in the mid -way of a 
path recognizes it and pieces of information specifying 110, 112, 120 and 122 are written 



in an update fact table 143. When a client 130 refers to the file 112, the gate 140 in the 
mid* way of the path recognizes the reference request and alters the reference request to 
be transmitted to the file server 110 in an original case so that it is to be transmitted to 
the client 120. The client 120 plays the role of the replica server only to the file 112. 
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CLAIMS 



[Claim(s)] 

[Claim l] Consist of two or more communication networks, and each communication 
network is equipped with the gate which controls two or more data processors which 
have a file storing means, and communication between communication networks. It is a 
rep RIKETO file reference method in the distributed data processing system in which 
communication between data processors is possible. Said gate The file in which the data 



processor in a self-communication network exists in the file server in other 
communication networks is referred to. It has the updating fact table which had the 
information which specifies the data processor (replica server) with which said file 
server and file which show that the rep RIKETO file was stored in the file storing 
means, and a rep RIKETO file exist, and its rep RIKETO file registered. The 
communication to the data processor in the other communication networks from the 
data processor in a self-communication network is supervised. When it investigates 
whether this file server and the file are registered with reference to said updating fact 
table when this communication is what refers to the file which exists in a file server, 
and not registered, Permit communication with this file server and a file server, a file, 
and the data processor of a communicating agency are recognized from a 
communication result. When the information which specifies a file server, a file, the 
data processor (replica server) that is a communicating agency, and its rep RIKETO file 
is registered into said updating fact table and it registers with it, The rep RIKETO file 
reference method characterized by being constituted so that the reference place of a file 
may be changed into the replica server in which the rep RIKETO file of a file exists from 
said file server and the data processor of a communicating agency can refer to a rep 
RIKETO file. 

[Claim 2] It is the rep RIKETO file reference method characterized by forming the 
reception place modification authorization flag which permits changing a reception 
place into said replica server from a file server to said gate into the transmit data at the 
time of said data processor communicating with a file server in a rep RIKETO file 
reference method according to claim 1. 

[Claim 3] In a rep RIKETO file reference method according to claim 1 said file server 
According to the file reference demand from a data processor, rep RIKETO file 
permission data are added to the file information of a communication result. Said data 
processor creates a rep RIKETO file based on said rep RIKETO file permission data. 
Said gate The rep RIKETO file reference method characterized by detecting said rep 
RIKETO file permission data, and updating said updating fact table based on these 
authorization data by supervising the communication on said communication network. 
[Claim 4] In a rep RIKETO file reference method according to claim 3 said file server 
The data which show an effective reference term to said rep RIKETO file permission 
data are added. Into the transmit data at the time of communicating with a file server, 
said data processor forms the newest replica reference flag which shows the reference 
demand of the newest rep RIKETO file. Said gate Modification time is registered with 
said effective reference term at the time of the renewal of said updating fact table based 



on said authorization data. A reference place is changed into the replica server in which 
the newest rep RIKETO file exists when said newest replica reference flag is set up into 
the transmit data of a data processor. The rep RIKETO file reference method with 
which said effective reference term is characterized by changing a reference place into 
the replica server in which the longest rep RIKETO file exists when said newest replica 
reference flag is not set up. 

[Claim 5] In a rep RIKETO file reference method according to claim 1 said gate A data 
delivery means to control communication with the data processor in a 
self-communication network, and the data processor in other communication networks, 
A communication monitor means to supervise the contents of said communication, and 
an updating fact cognitive means by which the commo data sent from said 
communication monitor means recognizes that it is a thing about a rep RIKETO file, 
and updates said updating fact table, It recognizes that the commo data sent from said 
communication monitor means is the file reference demand to a file server. A reference 
demand cognitive means to pass control to a postscript reference place modification 
means while applying interruption to said data delivery means and stopping delivery of 
the commo data to other communication networks, The rep RIKETO file reference 
method characterized by having a reference place modification means to change the 
reference place of a file with reference to said updating fact table based on said commo 
data, and to direct this modification for said data delivery means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suitable rep RIKETO file reference 
method for employment with the sufficient effectiveness of the rep RIKETO file in a 
distributed data processing system. 
[0002] 

[Description of the Prior Art] A distributed data processing system is a system which 
carries out each processing, connecting two or more data processing system, such as a 



personal computer and a workstation, to the communication network called LAN (Local 
Area Network), and delivering and receiving information through a communication 
network mutually. There is a distributed file system which enables access of the file 
which exists in other data processing system from one data processing system on a 
communication network as an important technique in a distributed data processing 
system. A distributed file system enables two or more data processing system to share 
the file which exists in one data processing system. Here, the data processing system 
which accesses the data processing system with which the file shared exists at the 
shared file on a file server, and a call and a file server will be called a client. 
[0003] If a specific shared file is accessed frequently, a demand may concentrate on the 
file server and it may become a bottleneck on the engine performance of the whole 
distributed data processing system. Then, by putting the copy of this file also on the 2nd 
file server, and processing a part of access request to this file by the 2nd file server, a 
load distribution is carried out between two file servers, and aiming at the dissolution of 
the aforementioned bottleneck is performed. Since access to that of the file concerned is 
not interrupted and recovery also becomes easy by using a copy as an alternative even if 
file destruction occurs by putting the copy of the same file on two or more data 
processing system, it also becomes the improvement in dependability of the whole 
distributed data processing system. It is called replication to create the replica of the file 
or a rep RIKETO file and a call, and a copy for each of the copy of the same file, and the 
data processing system which owns the copy of a file is called replica server, a 
distributed file system - an A CM and computing Sir BEIZU - No. 4 (1990) is explained 
in PP 321-374 (ACM, Computing Surveys, Vol.22, No.4(l990) PP 321-374), and the 22nd 
volume is discussed by PP 339-340 of this reference about replication. 
[0004] 

[Problem(s) to be Solved by the Invention] Employment in the network of a global scale 
where the distributed file system interconnected not LAN but LAN of ** - will be 
expected from now on. For example, it uses in order to refer to the file in the office in the 
U.S. from the office in Tokyo or Osaka. The use of replication then mentioned above 
becomes important, when controlling concentration of the overhead of the file server in 
a worldwide scale, and the increment in traffic. If it says in the upper example, the 
client of Tokyo and Osaka will examine how to access a duplex in the U.S., and how a 
U.S. replica server is put on Tokyo and the client in Japan accesses a replica server. 
Compared with the former, generally the time amount which requires latter one for a 
communication link is also short, and does not have the overhead of a U.S. file server, 
either. 



[0005] However, it is actually a problem where a replica server is put. Conventionally, 
the server only for replication was installed about the file server which exists in a long 
distance (U.S.). The client needed to have the step which was conscious of the 
whereabouts of a dedicated server, and refer to the replica for it. Moreover, 
concentration of access to the replica server by two or more clients will be inevitably 
large in the overhead of processing of a replica server, and will increase the traffic of a 
communication network. The technical problem of this invention is to offer the rep 
RIKETO file reference method carried out as [ refer to / instead of a file server / the 
replica in a replica server ], in case the client which referred to the file in a long-distance 
file server first is made into the replica server of the file and other clients refer to the 
file in a file server. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this 
invention prepares an updating fact table in the gate which controls communication 
between communication networks, and the information which specifies in the data 
processor (a replica server) with which said file server and file which shows having 
stored the rep RIKETO file in the file storing means with reference to the file to which 
the data processor in a self-communication network exists in the file server in other 
communication networks in this updating fact table, and a rep RIKETO file exist, and 
its rep RIKETO file is registered. Said gate supervises the communication to the data 
processor in the other communication networks from the data processor in a 
self-communication network, and when it is what refers to the file in which this 
communication exists in a file server, it investigates whether this file server and the file 
are registered with reference to said updating fact table. And when not registered, 
communication with this file server is permitted, a file server, a file, and the data 
processor of a communicating agency are recognized from a communication result, and 
the information which specifies a file server, a file, the data processor (replica server) 
that is a communicating agency, and its rep RIKETO file as said updating fact table is 
registered. 

[0007] When registered, the reference place of a file is changed into the replica server in 
which the rep RIKETO file of a file exists from said file server, and the data processor of 
a communicating agency enables it to refer to a rep RIKETO file. 
[0008] 

[Function] Since the reference demand place of a client is changed into a replica server 
from a file server when there is a replica server which stores the rep RIKETO file of the 
file to which a client exists in the file server which requires reference, it can 



communicate at a high speed far and efficient file reference is attained rather than it 
communicates with a file server. Moreover, concentration of network traffic and the 
burden of a server decrease by not having a specific exclusive replica server. 
Furthermore, when two or more rep RIKETO files of the same file exist by adding the 
information on the expiration date of a rep RIKETO file, reference of the optimal rep 
RIKETO file is made easy. 
[0009] 

[Example] Hereafter, the example of this invention is explained using drawing. Drawing 
I is the block diagram having shown the outline of the distributed data processing 
system which can apply this invention. It is the data processing system which became 
independent, respectively, and each data processing system is connected to the common 
communication networks 150 and 152, and a communication link and data transfer are 
possible for the clients 120 and 130 which are the data processing system which 
accesses the shared file on the file server 110 which is the data processing system with 
which the file shared exists, and a file server to mutual through a wide area network 
151 in between the gate 140 and the gate 142. Each gate consists of data processing 
system, and the communication fact table 143 is connected to the gate 140. For example, 
a file server 110 and clients 120 and 130 are highly efficient workstations (WS), the gate 
140 is the exchange in which high-speed memory access is possible, the updating fact 
table of 143 is on memory, and the example of a typical configuration uses a Local Area 
Network (LAN) as a communication network. The file server 110 and the client 120 
have disk units 111 and 121 for file storing, respectively, and refer to the files 112, 113, 
and 122 stored there for them from a client 130. 

[0010] The specific file 112 is considered. First, a client 120 requires reference of a file 
112 of a server 110. A server 110 permits creating a replica file to a client 120. A client 
120 stores the copy of a file 112 in a disk unit 121 as a replica file 122. The client in 
which a replica file exists is called replica server. The client 120 in which the replica file 
122 exists becomes a replica server. The data which permit a replica during this activity 
of a series of pass through the gate 140. Said replica authorization data are added to the 
copy body of a file 112, or before a copy, are separate mail and are transmitted to a client 
120 from a server 110. When the gate 140 supervised and discovers the replica 
authorization data which transmit a network top, it stores in its table 143 the updating 
fact that the replica of the file 112 of a server 110 was created under management of a 
client 120. 

[0011] Then, when a client 130 requires reference of a file 112 of a server 110, the gate 
140 recognizes the demand fact of transmitting a communication network, and searches 



said updating fact table 143. When the reference place which the demand fact shows, 
and the updating place which the updating fact shows are in agreement, the reference 
place of a client 130 is changed into the replica server 120 from a server 110. Therefore, 
the replica server 120 processes the file reference demand of a client 130. A client 130 
will access a replica 122 instead of a file 112. 

[0012] Drawing 2 is the conventional block diagram. It is the big difference from 
drawing 1 that the replica server 220 of dedication exists. Among drawing 2 , although a 
client 230 and the replica server 220 are on the same communication network 252, it 
exists in a separate network in fact in many cases, and a client 230 does not know 
existence of the replica server 220 in many cases. Therefore, a client 230 goes the replica 
221 in the replica server 220 to not knowing to refer to [ of the file 211 in a file server 
120]. 

[0013] In this example, it is the description that a client becomes the replica server of 
each file without placing the replica server of dedication. In drawing 1 , another file 113 
is stored in the disk 131 of a client as a replica 133. Therefore, clients 120 and 130 serve 
as a replica server of a file 112, and a replica server of a file 113, respectively. The gate 
140 takes charge of the processing which changes a file reference place into a replica 
server at the time of demand passage that clients 120 and 130 should perform only 
processing which requires the file reference to a file server 110. The communication link 
through a communication network is performed by capturing to the protocol which 
defined the communication procedure of a transmitting side and a receiving side, and 
the specification method of the data processor which should be received, i.e., the 
specification method of the address, includes it in this. It is carried out by the data 
transfer's itself generating an electric vibration on a channel, or detecting it, and each 
data processing system reads the address information contained in the detected electric 
oscillation, and a communication link is materialized by judging whether it is the 
communication link to oneself. 

[0014] Drawing 3 shows the configuration of the gate 140. The conventional gate 240 
has only a data delivery means 300 to send the data between a communication network 
250 and 252 mutually. The gate 140 of this example has the reference place modification 
means means 301, the updating fact cognitive means 302, the reference demand 
cognitive means 303, the communication monitor means 304, the updating fact table 
143, and connectors 310 and 311 independently of the data delivery means 300. It is a 
processor with separate means 300*304, and a multiprocessor configuration is taken 
and each processor operates under a separate program. As for the updating fact table 
143, it is desirable that it is data which exist on the memory which means 301*303 



access in common, after data processing's accelerating. In addition, without making 
means 300 303 into a separate processor, you may constitute from one processor and it 
is not necessary to say that it is good also as a multiprocessor configuration of the small 
number. 

[0015] Drawing 4 is one example of the updating fact table 143. It constitutes from a 
column 401 which shows an updating agency (server), a column 402 which shows an 
updating place (client), and a column 403 which shows the expiration date specified by 
an updating place. For example, the data of the character string with which the data of 
a column 401 and a column 402 combined the network address and file name of data 
processing system, and a column 403 are an integer which shows time of day at the time 
of the global standard. 

[0016] Drawing 5 shows procedure when the gate 140 receives the commo data of 
renewal of a replica. Steps 501-503 are procedures which send commo data, and are the 
procedures in which steps 510-511 recognize update information. Drawing 6 shows 
procedure when the gate 140 receives the commo data of file reference. It is the 
procedure in which steps 601-04 send commo data, and steps 610-615 are the 
procedures of changing the reference place of commo data. 

[0017] Hereafter, according to this example, actuation of the gate 140 is explained using 
drawing 1 and drawing 3 - drawing 6 . First, actuation in case a client 120 refers to a file 
112 to a server 110 is explained. The connector 310 which is an interface with a 
communication network 152 processes the communicative destination address other 
than electrical installation. That is, when the appointed address is the address of 
network 150 direction, commo data is incorporated and the processing is made to carry 
out to the data delivery means 300 (step 601). The data delivery means 300 sets commo 
data by the protocol of a wide area network 151 (step 602), and transmits commo data 
from a connector 311 (step 603). 

[0018] The commo data of a file 112 and the data in which replica authorization is 
shown are answered by the data delivery means 300 through a connector 311 (step 501). 
The data delivery means 300 sets commo data by the protocol of a communication 
network 152 (step 502), and transmits it from a connector 310 (step 503). In that case, 
the communication monitor means 304 supervises the signal which a connector 311 
sends to the data delivery means 300 (step 510), and transmits a signal to the updating 
fact cognitive means 302. When commo data has recognized it as the data which a 
replica updates, the updating fact cognitive means 302 is a format as shown in drawing 
4 , and stores the updating fact in the updating fact table of 143 (step 511). 
[0019] Below, actuation in case a client 130 refers to a file 112 to a server 110 is 



explained. A reference demand passes through the gate 140 through a connector 310, 
the data delivery means 300, and a connector 311 (steps 601-603). The communication 
monitor means 304 supervises the signal which a connector 310 sends to the data 
delivery means 300, and transmits a signal to the reference demand cognitive means 
303 (step 610). The reference demand cognitive means 303 interprets a signal, if it gets 
to know that it is the file reference demand to a file server, it will search the updating 
fact table 143 (step 611), and it checks whether the same file already exists in a 
communication network 152 as a replica. Processing is ended when the updating fact 
does not exist in the updating fact table 143. When the updating fact exists in the 
updating fact table 143 (step 612), the reference demand cognitive means 303 interrupts 
the data delivery means 300, and applies 615 (step 613), and it stops that the data 
delivery means 300 sends a file reference demand to a communication network 151 
through a connector 311 (step 604). The reference demand cognitive means 303 passes 
control after a termination to the reference place modification means 301. The reference 
place modification means 301 changes the reference place of data based on the updating 
fact of the updating fact table 143 (step 614). The data delivery means 300 sends a 
reference demand to the replica server of a modification place (step 616), and the replica 
server 120 of a modification place sends reference data to a client 130 (step 617). 
[0020] Next, the data transfer after modification of the reference place of the data 
shown at step 614 of drawing 6 , step 616, and step 617 and modification is explained 
using the example of the transmit data 700 from the client 130 shown in drawing 7 to a 
file server 110, and the received data 710 obtained as a result. The reference demand 

700 contains the flag 704 (for example, code of a bit string) which permits that the data 
division 703 which show the reference demand of a header for the address 702 grade of 
the address 701 of a transmitting agency or a reception place to communicate and the 
specific file 111, and the gate 140 with the updating fact table 143 may change a 
reception place. Moreover, a flag 705 is the newest replica reference flag (about this, it 
mentions later). The communication monitor means 304 determines to perform 
processing of henceforth for referring to the replica server 120 instead of a file server 
110, when the flag 704 of a reference demand is set up. If processing (steps 611-614) for 
referring to the replica server 120 will be performed and a reference place will be 
changed, the reference place modification means 301 will be overwritten to the address 

701 of a reception place with which the client 130 specified the data of the address of a 
reception place in which the replica server 120 is shown. The data delivery means 300 
and a reference demand are sent to the replica server 120 of a modification place 
instead of a file server 110. 710 contains the data division 713 which show the address 



711 of a client 130, the address 712 of the replica server 120, and the contents of the file 
server, and the flag 714 which shows that it is data from not a file server but the replica 
server 120 as a result of the reference demand 700 which the replica server 120 sends to 
a client 130. 

[0021] In the another example of step 614 of drawing 6 of this invention, it has an 
updating fact table 143 like drawing 9 , and as shown in drawing 8 , in case two or more 
rep RIKETO files of the same file exist, the procedure of referring to the replica (the 
newest replica) which passed through the gate 140 at the end, or a replica (the longest 
effective replica) with the longest expiration date of reference is offered. The updating 
fact table 143 of drawing 9 shows an example when the original file name 901 which 
combined Server Name and a file name, the file name 902 which combined replica 
Server Name and a rep RIKETO file name, the expiration date 903 of the replica 
notified from the file server, and the time of day 904 which updated the data of items 
901^903 when it passed through the gate are included. In drawing 8 , whether the 
newest replica reference flag 705 (for example, bit string) with which the reference place 
modification means 301 is included in the reference demand 700 which the client 130 
transmitted is set up judges (step 801). In case the file name 703 which is in agreement 
with the file 121 of a reference demand exists, when the newest reference flag 705 has 
set up, the file updating time of day 904 is searched, the rep RIKETO file 902 of the 
newest modification time is made into a modification place (step 803), in not setting up, 
it searches the expiration date 903 of a replica, and the expiration date of reference uses 
the longest rep RIKETO file 902 as a modification place (step 802). 
[0022] 

[Effect of the Invention] In the network which interconnects on a world-wide scale, 
instead of a client referring to the file in a file server by preparing an updating fact table 
in the gate in the middle of passage, and using this, the rep RIKETO file in a replica 
server can be referred to, and, according to this invention, there is effectiveness which 
enables high- speed file reference. Moreover, by not placing a specific exclusive fixed 
replica server, concentration of traffic is avoided, the load distribution of a distributed 
file system is promoted, and there is effectiveness which the burden of a server lessens. 
Furthermore, when two or more rep RIKETO files of the same file exist by adding the 
information on the expiration date of a rep RIKETO file, there is effectiveness which 
makes reference of the optimal rep RIKETO file easy. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the block block diagram showing the outline of the distributed data 
processing system which is a candidate for application in one example of this invention. 
[Drawing 2] It is the block block diagram showing the outline of the conventional 
distributed data processing system. 

[Drawing 3] It is the block diagram showing the configuration of the gate. 

[Drawing 4] It is drawing showing the structure of an updating fact table. 

[Drawing 5] It is the flow chart which shows the processing in the gate when the gate 

receives the commo data of renewal of a replica. 

[Drawing 6] It is the flow chart which shows the processing which changes the reference 
place in the gate. 

[Drawing 7] It is drawing showing the received data obtained as a result of [ its ] the 
transmit data from a client to a file server. 

[Drawing 8] It is the flow chart of the replica reference processing at the time of two or 
more rep RIKETO files of the same file existing. 

[Drawing 9] It is drawing showing an example of an updating fact table. 

[Description of Notations] 

110 File Server 

111, 121, 131 Disk 

112 113 File 

120 130 Client 

122 133 Replica file 

140 Gate 

143 Updating Fact Table 

150 152 Network 

151 Wide Area Network 

300 Data Delivery Means 

301 Reference Place Modification Means 

302 Updating Fact Cognitive Means 

303 Reference Demand Cognitive Means 

304 Communication Monitor Means 
310 311 Connector 
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HuE77-i7l'1r-/sy; % f-^S0.1glft^O7rY^ 
#MS*tejSCT^M^<077>i';Hf fgfc U7*'J 
r- 7 7 -Y fr<Df(f Rlx- £ *f?Hra L , 
MISr- ^SOS^BttME h 7 7 rT 

tufEy-Mi, «BBj»S*-yh7-^±©xm*SeS , r 
S c £ «t 0 iufBU7'J r- r- 7 r^^KoafnTr-^* 

WMtZ>£r>lcLtc££Z¥fW.£irZlsy°V>r-hy7 

jjimtt* 50 
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2 

Bt#«4] W#S3E*OP7 , U^-h7 7>r;l/# 

HE77Y;HH/^ BufBb7Uy-H77-l'^fF 

WIHr-^«L3^«tt7 r-Y^-^fc^-TSIRCSI 
atfOU7y'7-h7 7^;l/«#MS* 

S U r— * Jaa^B©^{f r — * f fc ffiK*K U7* U 

*#SB79^aa£*nrv^ £ srfcttfiWr® u7u y 

U tuEfifr U7U *#JB75^#K5£SnTV3:^i: 

#fcttWE#««HWifi*«feSt^7'y -r- h 77-r 
;i/©#a-ra U7*y t>v->^zmm%%M$% & *> \c 

LtzC£?£mWL£-t% T- h 7 7-T ;l/#^73So 
[ff*95] »*«lE*OU7'y^— h7 7>f;l/# 

tuEy-htt, 

Siim^-y h7-^F f 3fiDr-^Saa^Bfcffi5ifI^-y h 
7- ^ cdt- ^©a^B f: OXflt*WIW St — 

MB2aEfllBS#a4i» P> ii & tlfcHfiir- ^ ^ U7 'J T- 

77>f;l'©#Mft£^MU M^S^tulEr-^^jl^ 
U7V T- h 7 r-Y ;l/#fiS73 So 
[0 0 0 1] 

KaJ:©$iJffl^K:] *^{i^fcx-^5aa^XxA 
(cfeltS l^7'J ^- h7 7-Y;l/©S»*©a^jlfflfc»3l 
ai/7*U h77-r;b#^73StB8-rSo 

[000 2] 

[^*©Sffi] ^ftx-^jaa^XxAtt, LAN (L 
ocal Area Network) i:n?tfns®ff 

n^tKDjaa^tf-rsv'XxAT^So ^fcx-^SQ: 

ii/XfAlcfelJSiS^I^Lt, a{f*-yr-7- 
^±cd 1 oCr-^Saa^Xr A*>e>ffiOr-^SD.as/ 
XTA£#£lT37 7^;l/<D7^X£mfiS^3#Sfc 



(3) 

3 

[0003] ^(D^myr-c^mmicrif^z^n 

SfXx A£tt©ttteJt©il? >y * fcfcS RTIBtttf 10 
-^fcfelt, c©77i';l/'\©7^-fexig£©— SBfc 

^©7--2»>XrAfcB< c tick 77^;« 

S^77-Ol>©'\©7*-feXtf*»re-f> $fc®^t^ 

±lct>&£ 0 ID— 7 7^M3(f- ©^^f®77^ 20 
;l/© ls?V *s^tt U7*U -r- h 7 rJ/Utmf* 
u¥-%Wi$?5ctZ]s-7V>r->'-3>t&\ 7 7 
-r;l/©3 tf-^m* 1/tVS f-^®i^XfA5: b7 
Ufctf— /*fc53o ^f[77-l';l/i/X7 i Afc-3l/^Tttx 

2 2#, Ig4# (199 0*P) PP321-374 (A 
CM, Computing Surveys, Vol. 
22, No. 4 (1990) PP 3 2 1 -3 7 4) tfe 

K©PP 3 3 9-3 4 0fcfiU£>tr£V£<, 30 
[0 0 0 4] 

«£«©* y h 7- * TfOlffltf^flUBttS tlT l>3 o 
fct7Ll£, *B©*7^Xk:&3 7 7^;l/£mK j e>?y& 
©*7^Xfr5fNB?*3;fc©fc?!lffl"rSo ZcDt%\cm 

A©*- F©*^- 5 ?, SHI«©ii;&n£«]fW 
f^±-C ; «gi:«:5o ±©MT*W^t^ fcjsCiTcRfc© 

t*H©U7'U*-9— ^£Bt, B*mft<D?7^7y 
hit, l'7°Vft?-rt%7t-t7s?ZJ3&%miir% 0 

tfi#fc< p,^r^#©73^ a{ffc^^^t-fg^ 

[0 0 0 5] UfrU Hl^fc, 1^7 > U*'9--/^Mffifc 

H<^ttraffl-e*s. agRt okb) 

~/<*l8HL/feo ^5^7^ His JWBtJwttoBfft* 
&ofc„ Sfe, IS07^7yK;J:§L/7'Wt- 50 
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4 

/V\©7*-bX©£tff^ &$Wfcl'7'y# , 9w<©*l 
W)*-;V\yF4**<, jUI*^ r-7-:7© h^7 

7-T ;Hr-/ sft© 7 7 >f ;1/3&«*J (c#M l/ft*5^7V 
h^©77-r;l/OU7°V*^-/^U ftfi©^5^7 
y F ^7 r^Arf—woy 7J)l*0mir2>m^ 7 
7^;l/-9— ^©ftfr t) t b7°'J /<rt© U7 P U 
#BST?* 3 <fc 9 f 3 U fr- F 7 7J)l'mmttZM 

[0 0 0 6] 

M*jS8fei-sfc©©^ga ±EB»*3ide^sfc 
tb. Ji^-y h7-^ra©^ft^»-r^y 

- f icM.mmnT-yfrzmi, z.<DWsmm-r-7)\> 
tea, gjift* y h y-^^-^mmmmmmm 

*y h7— ^rt©7r-f;l/'9-— /^fc^Fft-rs^r^r^* 
mmLTls7°V >r- F 7 7-f;F£77^;l4&Sfc?@{cte 

SflLTcC t^ , rt9i377't';l/^— ^77^ U7* 

u-r-h77-r^©#ft-r57-^S!iags (ut'u* 

©7-^^a^H^?)©{ffilft^.-y h y-^rt©^-^ 

»rs77-i';i/£#!rr3 *»©■?*« t twffiMff* 

H7— 7Vl/£r#i$ L 7 7 -T^Vir— /^<t t>*7 7 

^ft^fc*, K77^;l/-9— /^©S^fFRlL, 3cm 
ISS^g 7 7 ^-9--^ £7 7-r;l/fcSM7r©T f -^Sn ! 
^«*K»lbT, WfBMSf*^r- 7;Vtc 7 7 
-^i:77-r;l/t3S#7cT*^Sx-^Sn ! agg (Ut*U 

[0 0 0 7] ^MZtlT^ZtZ, 77^;VO»% 
IWH7 7 -<;Hr- & 7 7 W;l/© T~ h 7 7 4 
;l/^#fe-rs^7*U*if- MlcIIt, ^m^c©r-^ 

saas«7b^7°u y- h 7 7 -<;i/*«ht?s s «t 9 tc l 

[0008] 

[ftffi] i'7l'7yh)!) < #I^t577^;H}-/t. 
tc#ft-r^77^;l'©P7 > iJ -r- h77^;l/^*&lflLT 

*^c^7 7-f;Pif-/^F, U7°U ^-^ic^M-f 3/c 

46, 77-r;v-9--/^^m-rs<fet){4s^iciS5ifc5M 
yh7-7(Oh77Y7^i^ y—'wn.m K 'j> 

26lc, l^7'U^-h77-r;l'©W^®© 

7U^-h7 7^;b^#ft-r^tt{;:, «Jiau7 , 'J'7 

- F77>i';l'©#Ii&§itc Ltv^o 
[0 00 9] 



(4) 

5 

mmm ixr. m*m^x*mm$m.m*wm 

— ^Jtt9*>XTA^*S^9-fry h 1 2 0, RXfl 3 

0 (i^n^n^jiLfc-r-^jaa^xx o > &y 

-£&SyXxA(i&a©)i{i*>y YV->7 1 5 043<t 

y*i 52 {cg'^nrfe y- m 4 o ty- m 4 
ji^Ri^r^^o &y-Miy-*»>xxAfre>& 

tK y-M 4 0 5c(l Sft^Hr-^H 4 3#g'ii 
r/H2 0, Rtf 1 3 0SBttift7-i'Xf->'3 

v (ws) y-M 4oit bbs***ij7* 

^X*MtE&5ll11e-&>?, ^t>;±fc 1 4 3<£>H$r» 
5Sy-7>*«&»K iHl*>y H7-^^Ltn-*;l/x 
'J7*>yh7-* (LAN) 

M 2 0fi^n^n7 7^;l4^©fc&fcr^xy^e 20 

1 1 K fttf 1 2 l^*LTfcO> *tW6!fi3n;fc7 
7^112, 1 1 3, Rtfl 2 2(1 *9-fT>M 
3 OfrMMW *C fcA^tSo 

[0 0 10] Wje©77>f/I/1 1 2*#x.^o iifc, 
7 7-^H 1 2®#!H*1r— /*1 1 OfC^V-fT^h 1 

2 0(ig*-f5 o "U— /tl 1 0(1 U7'J*7r^M 
Mt^il^^/^H 2 0 (cffRTf 3 0 
7>M 20(1 7r^;H l 2©3t?-£\ f-fX^ 

g«l 2 ltU^J^r^l 2 2£LTte»-f£o 
-AtS^o U7°U*77-Y;H 2 2 

cfitc y-n 4 o^a 

iSf-S-o iufBU7°'J#fFnjy-£fci\ 7rW;H l 2© 

mi i o<to^7-i'77 h i zo^mM-ztiz, y-h 
14 011 *y hy-^±«:KiM-rsu7°u^fFRry- 

**j£8U &lLfcRK* ^-/^l 1 0©77^H 
1 2©l/7'JM^7^77M 2 0<DWFfcfftS3 

tiit&m&ts &t><D7—7)\< 1 4 3 t«*rrso 40 

[0 0 1 1] ^©^s 77^;H 1 2(D0m%y-~^l 

1 obi^^ryh 1 3 oflTOUfcHEfc, y-M 4 

oti am^yh^-^^rg^-rss^^^EftiL, 

KWEBIfWtf— ^/H 4 3*«SRtS. S*¥H*^ 

"y^ryyx 3 0#i^ /*i 1 o*»6u^u 

M-^12 0^Mt5, <fcoT, ^^-T7^hl3 
f 3 0 ^7^77hl 3 0(1 77^;H 1 2<DRt>*) 
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6 

[0 0 12] 02(1 fl63fE©fi!»aHT«So SfflOUT' 
U#tf-^2 2 0 tf#fr*NS cfctf, Hii:©**ftji 
0 2^ ^•7-<7yh2 3 0i:P7 o UA-9— 
M2 2 0(1 III— b7— ^ 2 5 2±(£&3 
ff, HISfe:l4SiJ«©*-y hy-^tc^^SCLfc*^ 

<, ^7-rryh2 3 0(is u7y#-9— ^2 2 o©# 

3 0(1 WU*^- ^2 2 0rtc7)pyj/j2 2 1 *J0 
5 "ft, 2 0^07 7^2 1 1 

[0 0 13] #HaS09fcfc^TH ^©UT'U*^- 

g'jo77^n i 3tt, ^^-rryhcDr-rT.^ 1 3 1 

KUyViJl 33tLX&ffiLX^% 0 LtcWiX, t> 

j'fTvhi 20, &tfi3 0(i ^-n^n77-<;n 

1 2 0U7*U*-9— 77-OM 1 3<Dl^7U*-9— 
MfcftSo ^7-rryh 12 0, RXJl 3 0(1 77-1" 

;V-9— Ml i o^©7 7-r;u#M^s*-r^saii©^^ 
fr*fcfJ:<* y-h l 4 ot\ mswtfflc. 77^;!/ 

mvh*7-i>ttfrLrcmmmmL Rxf^mm^ 
H¥m%fesbrc7°tihaMcm-3ty-3Xfit>ti, c<Dfp 

[0 0 14] H3tt, y-M 4 0©fl!fiK*^l/fefe© 
■FfeSo !^©y- h 2 4 0(1 -y>7-7 2 5 

ot 2 5 2H<oy-^*tBS(c^-rsy-^i^#© 

3 0 0(Dfr*WOo *HWJ©y-b 1 4 Oil y-£ 
jMjt^S 3 0 0 i:3$3i(c, #B85tlES#a*a3 0 1 s 
Mff*^^iai¥©3 0 2, #£0B&Rftl¥gt3 0 3, X 

3 0 4 fc, Mif»*y-7;l/ M3fc, 
^^3 10, 3 1 1 ^rifOo ^©3 0 0~3 0 4 £(1 

So Mff**x-7;l/ 1 4 3 fi^@3 0 1 ~3 0 3 fctf 

i±a(c7 ^-fex-r s ^ * u ±t#ft-r s r-^-ea&s c 

©3 0 0~3 0 3^, SiJ^©7n-b-y9-i:^:-ric s lo 
;l/^7 , p-b<ylr«figtLTfe«t^c:fc(i5d*-r* ! E,S 
[0 0 l 5] 04 Mff*Hy-7;l/ 1 4 3©-HS& 

0ye*s» MUf^c «^-r«4 o i sGKft 
(^5^7> h) *^-r«4 o 2 iBMitefflajELit 



(5) 

7 

0 1 £H4 0 2©T-#fci, f-^jl4ii / XfA©*-y 

4 0 3<Dx-£ti> tS^^^iJ^-rg^T^^o 
CO 0 1 6] H5tt, y-H 4 OftW;#M$r<DiI 

1 ~ 5 o 3 fcj\ aftr-^gji-f 5#ire& o , xf 
y^5io~5ii^ »iffli«*B»rr*#*"e« 

So 06 «, y-M 4 O^r-Ol^jl^aftT-* 
^tfrzWrStDym^-MZ^to Xf ^^6 o 1 -0 4 
*Mx-^^r3i^-r5#|ilT^D> Xf7^6 1 0- 10 

6 1 5^ wtMT-zvmmftttmg.tz^mx'&Zo 

f\ 2 0*^-^1 1 0A77^;H 1 

1 5 2 iliO'i' y 7 i-XT*S5 3* ^ ^ 3 1 OltW.% 

ffifcTVlsXtfi*"; h7-^ 1 5 0#ffi<D7FUX 

-*2§i¥©3 OOfcfTfc-e* (Xr-y7"6 0 1)o r 20 
-*jD1?©3 0 0&, affr-^^JS«ffl 15 1<3)7 
oh3;l/fc^T (Xf776 0 2) , 3^£3 1 
l *5a#r-^*SHi"rs (Xf'y76 0 3) o 
[0 0 18] 77^H 1 2C>a{I7-£, fcitf^ 

^jia^©3 0 OlcEM^nS (Xf'y75 01). f 

-^ssi#® 3 o o a, amy-££a{i*>y f 7-* 

\5Z<D?vYzi)\>\c^t>#X (Xfy75 0 2) , 3 
*7$3 1 0 J: 1 ? MITT 3 (X-r>y^5 0 3) . Z<D2 
Wc, SJ#SS^S30 4ti, 3*^3 1 ltfr-2 30 

ssi¥S3oo'\3^-rsM#*S£ab Uf^75 1 
o) , Mff*HE^©3 o zKimzmmtZo sr 
**E»i¥@3 o 2 aflr-^u^y #©jg§r-r 

1 4 3©H§W^r-7;WcHf«^£*&;Sfi-f3 (Xf 
•y7°5 ll). 

[0 0 19]^t, t^JTVY 1 3 Otf-9— /Si 1 

=i*?53 1 0, r-^2St¥©3 00, n*^£3 1 
1 F 1 4 0*®ji-r?> (Xx 40 

yf60 1-6 0 3) o aH8Ba¥S3 0 4 & 

^3 1 o#T-*i£a^S3 o o'vssi'rs^jfcKs 

U #^S*S55I#a3 0 3tM^i&jilM , rS (Xf7 
76i0) o #!&gj£M3D3M8!3 0 3{i, {f#£Ji?IR 

ta&t, wsmnT-fbi 4 3^l (xr«y7°6 
li), m-vyr'fji'tf-txicu-fvtitLxmm* 
7h7-^ 1 5 2\amr5fr£?fr*vmt * 0 n«f 

*H^KfWfl7-7;M 4 3fc#ffiL&^«^ttS&S 
*»7-r*o Mff«HtfHfr*flf— 7;H 4 3fc#fe 50 
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Lfc*^ (X-r>y7°6 1 2) icti, #!RS£»efiI^@3 

0 3 «, f — 3 0 0 fcffl D 6 1 5 £fr 
(X7-y7°6 13), T-^WA^-m 0 01*7 T 4 to 

#888**3***3 1 lfc^LT, li^^h?-^ 

1 5 l'\W£rZ<D*$>±-£#5 (Xf-y/6 0 4) o 

#asaw»i¥«3o 3 a, mmmi^m 

0 l fc{WW*8Wo «Bfle£M#83 0 l tt, JGK*$ 
f— 7VH 4 3 fiDMfr»ll£ r-*o#BSft* 
girtS (X7<y7°6 1 4) 0 7-£j£g¥g:3 00tf 
3gHft©U7'y*"9— /^Jc#MS**3Sib (Xf77 

6 16), SB8JfeOl/^y**-^l 2 0li, 9^^CT 
yH3 C\#St7-$rSrjMjif S (X7>y76 1 

7) o 

[0 0 2 0]#tfc, H7t^fi'7'f7VH3 0i!l»6 

7 7^M-^1 1 o^033tfi'r-*7 oo 
t#P>nfcgft7-^7 1 0<DHBSWfcffl^T\ 06©X 
f-y/e 1 4, Xf'y/6 1 6, 7srv7*§ 1 7t?^L 

wffl?&o o o«, gfi7t<D7F^x7 o 1 

•^sfi^7 KPX7 o zm(Dmfitz>rcib(D'\v$'t 

«^©77^;H 1 1 <D#BlS^^ , rf r -^g|5 7 0 3 

£Mfr«5l7- 7VI/ 1 4 3£ifoy-h l 4 otfgftft 
£^MLT£><J:t^c t£rfFnTf 37^**7 0 4 (fci:*. 
If, try h5iJ©3-F) Sfc, 7^*7 0 5ii 

Sir \sf u *#5S7 5 y-efe s ( c nfco<^ -ai«r 

S) o S#SgS#S3 0 4«, mmst<07^7 0 4 
tfK^2ftTt/>3#g-{c7 7* 4/^-^1 1 OOf^teD 

tc i^7'j i 2 o *mm.?%rcv><Dim<D98M* 
fT*-5cfc*j*^rso u7 , j*^/ ; ii2o^#i'r 
s/cfe©saa (xf--y76 1 i~6i4) *^ffft*>n# 

fig^fe^M-rSdilfc&Si, #88ftSH¥®3 0 1 
fct, U7*y *-9"-/ < 1 2 0 9c<D7 F bXCf 
-^7^7Vh 1 3 Offm&Ut&MfcVTYUX 
7 0 1 \z±m%?2> a T-Z&WZWtZ 0 0, #Mg^c 
^7 7^M-Ai iot?BS:<, 

-/u 2 otcss^-rso u^y*^- ^1 2 o**5>r 

7> M 3 C\2S$"rS#iSg2&7 0 0<D)B^7 1 0 
S, ^5'C7>H3 0O7FUX7 1 K b7'J*+J- 
-Al 2 0C7FI/X7 1 2, 7 7YM-^Ort§?: 
^7-^7 1 3 fc, 77^M-^T1ia< U7°'J 
*-*r-^i 2 0^P><D7 ? -^T*feSCi:^-r77^'7 

1 4 *#t? 0 

[0 0 2 1] *S?|OH60Xf">'7 , 6 1 4 ©SijOHJfi 
08tc^-r«t-5fc, |Bl-7r-l';KD^<Db7'yy-b 

77-r;w#ffi-rsisfc, y-F 1 4 o«*«icajiL 
feu^u* (««fb7 p y*) »st^{4#js©*saj« 

09©Mff»H7-7;H 4 3 -9- 
-/^ i: 7 r^jl^m^h^fc^ y ^7;l/S:7 r-Ol/ 



(6) 



£90 1 £, ls7V*?-rt%,tl''7V>r>-h77'()l> * 

5fiLfclKfcJEB9 0 l~9 0 3©x-^^MSfLfe^J 
fig5feSEH¥8t3 0 1 Jb\ 7> h 1 3 OtfiMMLfc 

«as*7 o ote^*ft*MrU7*y *#SK77?7 0 

nmtZ 0 1) o «*«77^;H 2 

1 £-Srr377>fA'*7 0 3^#fe-f5^fC, fi$f# 10 
8879^7 0 5*«aftStTV^«^t(i7yf;l/Jg*f«r 
$1 9 0 4 U «K Mff ^E!I© U7U h 7 r -f 
;l/9 0 2*SH^4:L (7,x-y78 0 3) , «5£Lft^ 
«^tettl/7'y *©#»IBIfi9 0 3*fc5RU #HB©# 
$J#»fi&g<^7U fr- h 7 r 9 0 2 
tLTftTTTS ttfy^8 0 2) . 
[0 0 2 2] 

T-7;l^Ktt, cn^fOTf 3 <3, *^>f7 20 

7 h Ji7 7-01/-9— /*i*g©7 y 4 *) 
te, U7UA-9--/^F f 3cDU7iJ'r-h7 7'i';b%#^-r 

scttf-e*, mm^yy^j^m^mt-r^m^ 

^^*fefe^o W7'y^-h7 7^;l/©*S&JIB 

©^7uy-h77^;i/^#ft-r-Sfctf^ «?l&lx7 
U^r-h7 7'T;l'©#!fi*Sak:-ra«6St.*S. 30 

[0WW&180J5] 
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r-^jaSv/Xr A©«g£*-f 7p v *«$0T*& 

So 

[0 2] ^©#|fcx-*»77TA©«g£^r7 

[03] y-KO«rii*^"r^ny^H^*S, 
[0 4] Sff*H-r-7;l/©^3g^-r0f-feSo 
[0 5] y-h#u:/y*jBK©afl^**3**;fc* 

[0 6] y-hfc*»*«H56*Ke-r««ffliaE^r7 

[07] ?^77hfr£7 7^;i/^-;WDgfix- 

[0 8] lRl-77'l';l'©1ilS(©b7 , jy-h77-l';l/^ 

So 

[0 9] Mfr*^r-7;KD-0i|^'r0T'*So 
i i o yy^fr+y— 

12 1, 13 1 f-fXi- 
7 7-01' 

1^7U*77^;l/ 



•r-7;V 



1 1 1 

112, 113 

120. 13 0 

12 2, 13 3 

14 0 f— h 

1 4 3 

15 0, 15 2 
1 5 1 £881 

3 0 0 7 ? -»ilS3i#© 

3 0 1 #SS5ESSI^© 

3 0 2 Hfr*t*lag»I^S 

303 msrnMWm^-®. 

30 4 XffiKffl^S 
3 10, 3 11 3*7£ 
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